The quasi-biennial oscillation is the primary mode of variability of the equatorial mean zonal wind in the lower stratosphere, which is characterized by downward propagating easterly and westerly wind regimes from 10 hPa level with a period approximately 28 months. The effects of the stratospheric quasi-biennial oscillation in zonal winds (SQBO) are not only confined to atmospheric dynamics but also seen in the chemical constituent (trace gases) anomalies such as ozone, water vapor, carbon monoxide and methane in the lower stratosphere. In this study, we examined the SQBO and associated ozone quasi-biennial oscillation (OQBO) using the chemistry-climate model CHASER (MIROC-ESM) simulations and ECMWF ERA-Interim ozone reanalysis for the period 2000-2015. We used lower stratospheric zonal wind from the radiosonde observations and total column ozone (TCO) from Aura Satellite (OMI Instruments) over Singapore to compare the SQBO and OQBO phases with model and reanalysis. The SQBO shows large variations in magnitude and periodicity during the period of study and the amplitude of OQBO also changes in accordance with the westerly (+ve ozone anomaly) and easterly (-ve ozone anomaly) phases of SQBO. During the Westerly phase of Ozone QBO (WQBO) corresponds to average positive total ozone anomaly of ~10 DU and in the Easterly phase of Ozone QBO (EQBO) corresponds to an average negative total ozone anomaly ~−10 DU in the tropical lower stratosphere. Since the SQBO phases were explained by the vertical propagations of Mixed-Ross by Gravity (MRG) waves and Kelvin waves, the correlation of ozone volume mixing ratio with zonal and vertical velocities gives quasi-biennial signals, which indicate the OQBO mechanism more related to dynamical transport than the stratospheric photochemical variations. Since the average amplitude of OQBO phases gives ~+/− 10 DU from the observa- tions during easterly and westerly phases SQBO, we need more research focused on the dynamical transport than the photochemical changes to understand the tropical ozone variability due to the ozone quasi-biennial oscillations.
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Introduction
The quasi-biennial oscillation is a regular variation of the zonal winds that blow high above the equatorial lower stratosphere. Strong zonal winds in the stratosphere travel in a tropical belt (~15˚S to 15˚N) around the planet, and every 14 months or so, these winds completely change direction (easterly/westerly). This means a complete cycle takes approximately 28 months, making it the most regular slow variation (descending wind speed regime) in the atmosphere after the cycle of the seasons [1] [2] [3] [4] [5] . The stratospheric quasi-biennial oscillations in zonal wind (hereafter, SQBO) are driven by vertically propagating atmospheric planetary waves (equatorially trapped Kelvin and Mixed Ross by Gravity Waves) that originate from the troposphere and are produced by intense weather systems due to convection and topography. These waves break in the tenuous stratosphere and provide a force to "push" wind and make it descend with time (at a rate of about 1 km per month). Once these high-level winds reach the tropopause, the opposite phase of the oscillation (easterly/westerly phase of QBO) descends from above. It takes roughly 14 months for each reversal to occur. The stratospheric quasi-biennial oscillation is observed at altitudes from about 100 hPa (~16 km) to about 3 hPa (~40 km) [5] . The maximum amplitude is observed in the middle and lower tropical stratosphere, with the easterly phase having larger amplitudes compared to the westerly phase. The westerly shear zones descend more regularly and rapidly than easterly shear zones. The amplitude of 20 ms −1 is nearly constant from 5 to 40 hPa but decreases rapidly as the wind regimes descend below 50 hPa. The SQBO amplitude diminishes above 1 hPa (<5 ms −1 ) and the amplitude of the SQBO is approximately Gaussian about the equator [6] [7] . The SQBO is a part of stratospheric general circulations and the dynamical connection with the extratropical stratosphere must be looked with seasonal cycles. In the tropics, the convection and changes in convection The SQBO circulation affects the modulation of temperatures, extratropical waves, the circulation in the meridional plane and the distribution and transport of trace constituents. There have been numerous observational studies of the quasi-biennial oscillations in temperature, ozone and other trace constituents in the stratosphere [10] - [15] . Some of these studies have generally reported that the SQBO influence on total ozone amounts with positive and negative anomalies with variations of 1% -2%. Studies suggest that the possibility of forecasting the equatorial total ozone based on the predicted SQBO phases [16] . The OQBO can be attributed to the SQBO through the variation of vertical motions of the equatorially trapped planetary waves and vertical ozone transport [17] . The first simulation of ozone QBO was done using simplified linearized model, however, it was not a full photochemical model [18] . The modelling studies of QBO variation in a one dimensional, two dimensional and three-dimensional simulations including wave driven transport are carried out by several researchers [19] [38] . Therefore, the vertical profile of the ozone concentration is linked with the QBO-ENSO phase coupling. In the tropical latitudes the quasi-biennial oscillation in total ozone, which is dynamically coupled with the equatorial zonal wind and temperature QBO in the lower stratosphere, has been reported by several authors using the ground-based observations [12] [39] and the zonal mean ozone from the satellite observations [27] . Many studies are available for the interannual variability of ozone and long-term trend, and some of these studies attributes interannual variability of tropical ozone due to stratospheric quasi-biennial oscilla- 
Data and Methodology
In the present analysis monthly average of daily ozone, temperature, zonal wind 
Model Details
We used the simulations of daily ozone, zonal wind, temperature and vertical 
ECMWF ERA-Interim Reanalysis
The and most of the details are still applies to the latest ECMWF reanalysis for the ozone fields [69] . The ERA-Interim project made use of a larger dataset of remotely sensed observations, both in the form of radiances and of ozone retrievals. Regarding the ozone data actively assimilated in ERA-Interim, this dataset included both data from instruments already utilized in ERA-40 and new datasets that were not used before, such as the GOME ozone profiles retrieved at the Rutherford Appleton Laboratory and NOAA-14 SBUV partial columns.
The ozone first guess used at ECMWF is derived from an updated version of the Cariolle and Déquéscheme. In this scheme the ozone continuity equation is expressed as a linear relaxation towards a photochemical equilibrium for the local value of the ozone mixing ratio, the temperature, and the overhead ozone column [70] . An additional ozone destruction term is used to parametrize the heterogeneous chemistry as a function of the equivalent chlorine content for the actual year [69] , [71] . 
Results and Discussions
We examined quasi-biennial signals in ozone, temperature and wind from the chemistry-climate model CHASER (MIROC-ESM) and ECMWF ERA-Interim Ozone Reanalysis. Monthly zonal mean ozone and other meteorological parameters such as wind and temperature were also used in this study. The monthly averages of above parameters are calculated from the six-hourly (0000, 0006, 0012, 0018) intervals of daily data from the model simulations and reanalyses. In this study, we examined the QBO signals in ozone (positive and negative anomalies) are due to the vertical transport of ozone molecules in the stratified stratospheric ozone layer during the passage of SQBO phases. To confirm the results, we need further research to quantify the ozone variability due to SQBO dynamical cycles separately from the seasonal stratospheric photochemical ozone production and destructions. . The negative and positive anomalies of zonal wind, vertical velocity and ozone mixing ratio (QBO phases) are separated with zero isoplethblack contour (in Figure 6 ). The altitude (in pressure levels) structure of QBO propagation in atmospheric dynamical parameter such as zonal and vertical wind speed anomalies are clearly seen from Figure 6 (a) and Figure 6 (b). Figure 6 (b) represents the upward (positive anomaly) and downward (negative anomaly) propagation of vertical velocity with QBO of periodicity. During westerly phase (WQBO) the resultant vertical motion in the lower stratosphere is positive (positive vertical velocity) or "upward transport of ozone and in the easterly phase (EQBO) the resultant vertical motion is downward (negative vertical velocity)" or "downward transport of ozone during SQBO". In Figure 6 (c) clearly shows the QBO signals in the ozone layer, due to the resultant upward transport (positive ozone anomaly) and downward transport (negative ozone anomaly) during the westerly (WQBO) and easterly (EQBO) phases of SQBO. The variation of vertical velocity resembles with the variation of ozone volume mixing ratio (see Figure 6 (b) and Figure 6 (c)). The vertical residual velocity can be used a good proxy to study the stratosphere-troposphere exchange of ozone [78] . ozone, since the level above 28 km ozone is replaced by chemical production on relatively short timescales. Thus, column ozone occurs maximum when the air column displaced towards the lower stratosphere and occur at the time when the westerly wind regime descend to the lower stratosphere and the converse is true in the easterly phase [5] , [18] . This theory is based on photochemistry of stratospheric ozone production and distributions during the westerly and easterly phases of SQBO. Hence previous studies, the positive and negative anomalies of OQBO attributed to the SQBO, such that ozone increases during the westerly V. Madhu, K. Sudo (positive ozone anomaly) and decreases during the easterly phases (negative ozone anomaly) of SQBO [5] , [18] . Based on this OQBO mechanism, the stratospheric ozone prediction is much easier, since we know the forecast of SQBO phases (direction changes of zonal wind) exactly [16] . We need further research to evolve the OQBO mechanism based on SQBO dynamics.
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Summary and Conclusion
In the present study, we examined the QBO signals in ozone (OQBO) using the temperature correlations, suggesting that OQBO may be more related to the dynamical transport during SQBO phases than the photochemical changes in the stratosphere. We need further research to redefine the OQBO mechanism based on SQBO mechanism, since easterly and westerly phases, the SQBO, the OQBO amplitude change almost same (~+/−10 DU) during SQBO phases. To calculate the interannual variability and trend of tropical stratospheric ozone due to SQBO modulation, we need to estimate the percentage of variability due to the vertical transport and photochemical production and destruction of ozone separately for the SQBO phases. Hence an integrated study of SQBO phase dynamics and stratospheric ozone photochemistry is required to understand the OQBO and associated ozone variability over the tropics.
